Sedimentary coasts and shallow-sea beds may be dynamic. The large-scaled spatial variation in these dynamics and the smaller-scaled behaviour of individual marine bedforms are largely unknown. Sea-bed dynamics are relevant for the safety of shipping, and therefore for monitoring strategies, and for offshore engineering projects and archaeological investigations. To date, sea-bed dynamic studies in the North Sea that are based on high-resolution echo soundings are mostly local. Recently, sufficient time series of modern, digital echo sounder surveys have become available to allow for a Netherlands Continental Shelf-wide quantification of vertical dynamic trends as well as for the detailed analysis of the morphodynamics of marine bedforms. Results show that (i) tidal channels, estuaries and longshore bars are particularly dynamic, (ii) the shelf offshore is less dynamic in general, and (iii) the most dynamic zones offshore are the zones where marine bedforms occur. The occurrence of superimposed sand banks, long bed waves, sand waves and megaripples is limited to the sandy shelf and sand wave migration rates vary spatially between 0 to 20 m/year. This spatial knowledge of morphodynamics is used in combination with environmental conditions and sea traffic to validate and to optimise re-survey policies.
INTRODUCTION
Sandy continental shelves and sedimentary coasts may be dynamic. Most sandy sea beds of shallow seas are characterized by marine bedforms of different spatial scales, such as sand banks, long bed waves, sand waves and megaripples. Each of these bedforms has its own dynamic time scale. These dynamics are relevant for navigation safety, especially in seas with critical depths for shipping, such as the southern North Sea. In order to keep nautical maps up-to-date, dynamic sea beds need to be resurveyed in an appropriate frequency. Guidelines for horizontal and vertical accuracy of the data are provided by the International Hydrographic Organization [IHO, 2008] , but no guidelines for the validation and optimization of re-survey policies exist. Other applications are offshore engineering projects, such as wind farms, and archaeological investigations.
Previous empirical studies of seabed morphodynamics focused on the analysis of marine bedforms of small sites with specific local conditions [e.g. Duffy and Hughes-Clarke, 2005; Knaapen, 2005; Van Dijk and Kleinhans, 2005; Winter and Ernstsen, 2007; Buijsman and Ridderinkhof, 2008; Van Dijk et al., 2008; Dorst et al., 2009; Dorst et al., 2011] . Although recently performed for the German coastal zone [Winter, 2011] , a large-scaled study of the morphodynamics of the Netherlands Continental Shelf (NCS) does not exist. Such a study provides an overview of the spatial variation in seabed dynamics that increases our insight and understanding of the processes of bed evolution.
Only recently, the coverage of multiple datasets (time series) of digital bathymetric data, which are required for the study of seabed morphodynamics, has become sufficient for the NCS to perform this study. In addition, the horizontal precision of these modern data is adequate for the detailed and quantitative analyses of bed changes and bedform mobility.
The aim of this paper is to present the vertical sea-bed dynamics of the Netherlands Continental Shelf and the Wadden Sea, based on a quantitative analysis on a 25 x 25 m resolution. Detailed analyses of selected locations serve to describe the local morphology and dynamics of individual bedforms.
DATA AND METHODS

Bathymetric data
All data that are contained in the digital Bathymetric Archive System (BAS) of the Hydrographic Service of the Royal 
APPLICATIONS
Without knowledge of the sea-bed dynamics, re-survey policies of continental shelves and rivers cannot be validated. The above analysis was used to validate and to optimize the survey-policy of the Netherlands Hydrographic Office. Hereto, we combined the morphodynamics and the predicted grounding dangers for shipping, based on shipping intensity, predicted water depth and the probability of unknown objects at the bed. An ongoing study on the river-and sea-bed dynamics for Rijkswaterstaat includes the investigation of cause and effects, including the interaction between dredging activities and sand waves.
Other applications are advice on sea-bed stability for regional planning and offshore engineering projects, such as the allocation, construction and maintenance of offshore wind farms. Bedform mobility may affect the depth of wind piles into the sea bed by maximally the bedform height, which may be up to several meters.
Finally, knowledge on the morphodynamics of tidal channels and sand banks is crucial in refining the 3D geological model of the subsurface, the evolution of the marine palaeolandscape and the prediction of archaeological remnants, such as shipwrecks and subrecent archaeology (e.g. WOII-remnants). Sea-bed dynamics also play a role in the burial and exposure of shipwrecks, so establishing the affected depths and time-scales of these dynamics provide information on the preservation potential of these archaeological items. Vertical trends in sea-bed dynamics are crucial in the re-survey policies of hydrographic surveyors. By combining the (predicted) sea-bed dynamics with predicted grounding dangers for sea traffic, monitoring policies can be optimized so that measuring efforts are low while safety is still the highest. To offshore engineers, managers and marine archaeologists, morphodynamics support the decision-making on regional planning, marine protected areas and archaeological values and the potential risks to offshore structures and maintenance.
CONCLUSIONS
